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Abstract 
Effect of stage of lactation on milk yield, somatic cell counts, mineral and fatty acid 
profiles in pasture-based Friesian, Jersey and Friesian × Jersey cows 
By 
Nantapo Carlos Wyson Tawanda 
 
The effect of stage of lactation on milk yield, somatic cell counts, mineral and fatty acid 
profiles in pasture-based Friesian, Jersey and Friesian × Jersey cows was investigated. 
Twenty Friesian, twenty Jersey and twenty Friesian × Jersey cows were randomly selected 
from a dairy herd. A total of 202 milk samples were collected and analysed in three stages of 
lactation. Genotypic differences were observed in milk yield and fat content. Friesian cows 
produced the highest yield and lowest fat content whereas the opposite was true for Jersey 
cows (P<0.01). No significant differences were observed in SCC in the different genotypes, 
but SCC levels were higher in mid and late lactation (P<0.001). There was no effect 
(P<0.005) of genotype and stage of lactation interaction on Ca, P, Mg, Na, Mn and Bo 
concentration. Jersey cows had the least concentration of Fe and Cu in all stages of lactation. 
Strong positive correlations were observed among Ca and P, Mg and Zn. Aluminium had a 
strong positive relationship with Bo, Fe, Mn and Zn (P<0.001). Generally, SCC had a weak 
positive relationship with macro elements but a significant negative relationship with 
microelements. Yield levels were negatively correlated with Mg, Na, Al, Mn and SCC. 
Pasture ALA, SFA, n-3, n-6/n-3 and PUFA/MUFA concentration did not differ across the 
study period. Linoleic acid was highest in the second phase which coincides with mid 
lactation in cows (P<0.001). Highest moisture content coincided with the least fat free dry 
matter content in early lactation (P<0.001). Significantly high fat content was observed in 
late lactation than in early lactation. Highest butyric, caproic, linoleic, n-6 and PUFA were 
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observed for Friesian cows. All other fatty acids ratios were not significantly different among 
different genotypes. Highest CLA, ALA, LA, SFA, PUFA, n-6, and n-3 and atherogenicity 
index were observed in early lactation whereas desaturase activity indices were highest in late 
lactation. Strong positive correlations were observed among milk vaccenic, ALA, LA and 
CLA concentrations. Inverse relationships were observed between SFA and long chain fatty 
acids. It can be concluded, it may be of advantage to consume milk from early stage of 
lactation poses a lower risk to coronary diseases and are much safer to consume. 
Key words: Atherogenicity activity, desaturase activity, genotype, macroelements, trace 
elements.  
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Chapter 1: Introduction 
Today’s consumers have become more conscious of the type, quality and nutritional value of 
the food they eat. This has led to more pressure on research that aims at increasing milk’s 
beneficial components while keeping the harmful components at minimum, without changing 
its technological quality. Many studies have been carried out to determine the composition of 
milk, its nutritional value and many have proved that, despite the negative perception milk 
receives, there is a wide range of health benefits that are associated with milk components 
(Knowles et al., 2006).  
 
Milk is composed of water, proteins, amino acids, vitamins, lipids, fatty acids and minerals, 
each performing a different functional and physiological role (van Hulzen et al., 2009). Milk 
calcium is essential for healthy bones and teeth and helps prevent hypertension. Selenium is 
an integral component of the immune and antioxidant system in humans (Haug et al., 2007). 
Several bioactive components and essential amino and fatty acids (FA) are available in milk, 
giving milk a high biological value compared to in meat (Descalzo et al., 2012). Omega-3 FA 
are associated with prevention of cardiovascular diseases and some cancers (Parunovic et al., 
2012). These characteristics and associated benefits have made milk an important historical 
part of the diet for many societies in the world (Schonfeldt et al., 2012).  
 
Milk composition is not constant and is influenced by breed and species differences, age and 
size of the cow, dietary composition, season, udder health, locality and stage of lactation 
(Smit et al., 2000; Cashman et al., 2006). Of these factors, diet has received so much 
attention and results indicate a lot of possible and beneficial changes in milk composition 
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(Samkova et al., 2012).There have been many results put forward from these studies. It has 
been shown that the amount of forage and concentrate in the diet of pasture-based cows 
changes the overall energy content of the diet. Henceforth, yield, nitrogen, FA proportions 
available in milk and milk products will ultimately differ. This is synonymous with pasture-
based dairy systems were there is more emphasis on balancing the quantity and quality of the 
milk for greater financial profits (Bargo et al., 2002). Additionally, Elgersma et al. (2006) 
and Roca Fernandez and Gonzalez Rodriguez (2012) noted changes in the FA composition of 
irrigated pasture at different sampling times. Similarly, Gezachew and Smit (2012) noted 
variations in forage mineral composition which was attributed to changes due to the effect of 
light intensity and plant growth stages leading to changes in milk mineral profile (Collomb et 
al., 2006; Descalzo et al., 2012). However, diet modification alone will not yield the most 
desired target of the optimum FA and mineral profiles in milk (Kgwatalala et al., 2009). 
Different physiological processes occur in ruminants during different stages of lactation, 
resulting in variations in milk components 
 
Lactation is divided into three phases, early lactation (< 100 days), mid lactation (101 to 200 
days) and late lactation (> 200 days). Several changes in fatty acid and mineral metabolism 
occur in the animal during these different phases especially in the early stages of lactation 
(Gallego et al., 2006). Variations in milk minerals are also due to genetic differences (van 
Hulzen et al., 2009) and to a lesser extent individual animal variations, diet and somatic cell 
counts. Somatic cell counts increase in milk with progressing lactation due to increased udder 
permeability (Summer et al., 2009). Increased somatic cell counts will have an effect on the 
stability and content of milk protein, fatty acids and mineral composition. Changes in Cows 
also experience negative energy balance leading to changes in the fatty acid synthesis 
pathways resulting in variations in milk FA profiles.  Henceforth, evidence and knowledge of 
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variations due to genotypic and lactation stages will help in improving the FA and mineral 
profile of milk. 
 
1.1. Justification 
The Food and Agriculture Organisation (FAO) (2012) has reported increases in many chronic 
diseases. These diseases if studied thoroughly can be alleviated by improving the health 
benefiting milk components. There is also a need to change the negative perception of milk 
and improve the consumption of milk in all parts of the world. However, there is less 
information on the effects of stage of lactation on milk fatty acids and mineral profiles and 
their relationship to pasture variables and somatic cell counts. This can be achieved by an in-
depth investigation of all factors affecting the mineral and fatty acid profiles. Understanding 
the behaviour of milk components at different stages of lactation will help capture and 
produce value added health promoting milk and milk products.  
 
1.2. Objectives 
The overall objective of the study was to determine the effect of stage of lactation on milk 
yield, somatic cell counts, mineral and fatty acid profiles in pasture-based Friesian, Jersey 
and Friesian × Jersey cows. The specific objectives were to determine; 
1. The effect of stage of lactation on milk yield, mineral profiles and somatic cell counts; 
2. The effects of stage of lactation on milk fatty acid profiles. 
 
1.3. Hypotheses 
The null hypotheses tested; 
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1. Stage of lactation has no effect on milk yield, mineral profiles and somatic cell 
counts; 
2. Stage of lactation has no effect on milk fatty acids profiles and no possible 
relationships exist between milk and pasture fatty acid content. 
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Chapter 2: Literature Review 
2.1. Introduction 
Pasture-based production systems have become popular due to a worldwide increasing 
demand for organic and natural products. Epidemiological, clinical and animal studies 
indicate that pasture sourced dairy products are a good source of bioavailable calcium 
important for prevention of osteoporosis (Boland et al., 2001). Milk may also contribute 
health benefits such as reduced atherosclerosis and coronary heart disease (CHD) to the 
consumer (Kgwatalala et al., 2009) and economic benefits to the farmer (Croissant et al., 
2007). Compared to concentrate-based feeding systems, pasture-based systems offer 
improved conjugated linoleic acid (CLA) and other unsaturated fatty acids (UFA) in milk and 
dairy products (White et al., 2001; Bargo et al., 2006; Collomb et al., 2006). However, the 
concentrations of minerals and individual FA in milk will depend on other factors including 
stage of lactation and individual animal. There is need for farmers in pasture-based systems 
to come up with value-addition approaches in order to remain competitive by improving the 
mineral and FA profile (Croissant et al., 2007). 
 
2.2. Milk mineral composition 
Milk contains 20 nutritionally essential minerals grouped into macro- and micro minerals that 
are involved in several physiological processes. The mineral composition of milk is not 
constant but varies with milk accumulation, stage of lactation, nutritional status, genetic 
variance, season, animal species, soil contamination, health status and the milk yield of an 
individual animal (Gaucheron, 2005; Cashman, 2006; Gallego et al., 2006; van Hulzen et al., 
2009). Most of the research concerning milk minerals, aim at improving the processability 
quality of milk (Boland et al., 2001), but there is less focus on improving mineral health 
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aspect of milk. Knowles et al. (2006) revealed improved organoleptic qualities due to pasture 
feeding. Similarly, the mineral profiles of milk will determine its technological quality, with 
high dry matter cheeses ideal for long shelf life (Guler, 2007). Less information is currently 
available on factors leading to variations in milk mineral composition and metabolic 
pathways involved. To our knowledge no previous study has analysed and related pasture 
minerals to milk minerals in different stages of lactation using different breeds of cattle. 
However this short review aims at discussing the literature available.  
The more prominent minerals, relative to mass, found in milk include macrominerals 
calcium, phosphorus, magnesium, potassium and sodium. Calcium and phosphorus are linked 
by their roles and physiological pathways (Sola-Larranga and Navarro-Blasco, 2009). 
Calcium is involved in growth and development of the skeleton and teeth. Clinical trials 
reveal that increased calcium intake in later life reduces the risks of osteoporosis (Cashman, 
2006). Literature suggests that calcium concentration in milk does not reveal any deficiencies 
and rarely varies but Smit et al. (2000) found differences in milk concentration with changing 
dietary composition. Similarly, Khan et al. (2006) found species and seasonal differences in 
calcium concentrations in semiarid regions of Pakistani. Research has also shown that 
mineral balance will depend on udder health and somatic cell counts (Summer et al., 2009). 
 
2.3. Milk somatic cell counts 
Somatic cells, also known as leukocytes, are body cells derived from the mammary glands of 
the animal and their numbers in milk is dependent on the infection status of the gland and the 
stage of the lactation (Steeneveld et al., 2008). A high number of somatic cell counts may 
lead to a complex change in the amount and quality of milk produced by the cow due to 
differences in enzyme activity (O’Brien and Guinee, 2011). According to Summer et al. 
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(2009), a high number of somatic cell counts alter membrane permeability leading to mineral 
imbalances in milk. They also noted that milk with high somatic cell counts has high levels of 
sodium and chloride but lower phosphorus and potassium. High milk yields especially in 
early lactation will result in lower SCC. However, improvements in the cow environment and 
general management practices should at least result in the routine production of milk that has 
a high premium grade and which is safe to the human consumer (Illinois University, 2010).  
 
2.4 Fat composition of milk 
Milk is generally made up of water, organic and inorganic compounds, i.e. protein, amino 
acids, approximately 3.8% fat, lactose, vitamins and minerals. It also consists of hormones, 
immunoglobins, peptides, enzymes and other bioactive peptides essential for growth and 
development of the human body (Huth et al., 2006; Haug et al., 2007). The contents of milk 
are not constant and continuously change due to various factors involved. The composition 
determines the nutritional value and the technological properties of milk and its products 
(Glantz et al., 2009; Heck et al., 2009). Milk also contains several microorganisms, 
pathogenic and non-pathogenic which are important for production of several products and 
maintenance of product quality. Deviations from any changes in milk pH, lactose and 
temperature will result in changes in milk composition and spoilage resulting in milk, 
financial and economic losses. Different farming systems are employed in different regions 
and countries resulting in differences in composition of milk and milk products (Schonfeldt et 
al., 2011). 
 
The lipid content of milk consists of triglycerides (98%), mono and diglycerides, 
phospholipids, cholesterol and free fatty acids. They are approximately 400 making up most 
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of the predominant triglycerides class (Devle et al., 2012). Approximately 70-75% of the 
total FA is saturated fatty acids (SFA), 20-25% monounsaturated fatty acids (MUFA) and up 
to 5% polyunsaturated fatty acids (PUFA). Fatty acids of ruminant milk originate from 
various sources. Short to medium chain fatty acids, C4 to C14, and approximately half of 
C16:0 are synthesised in the mammary gland from acetate derived from microbial digestion 
of carbohydrates in the rumen. The other half of C16:0 and all long chain fatty acids are 
derived from the diet, specifically from absorption of blood circulation lipids from intestines 
and or mobilisation from adipose tissue (Craninx et al., 2008; Kgwatalala et al., 2009; Roca 
Fernandez and Gonzalez Rodriguez, 2012). 
 
Saturated fatty acids are made up of C4-C18 long fatty acids, with Pamitic, myristic and 
stearic acids making up the largest proportion. Animal based studies indicate the link between 
increased plasma total low density lipoprotein (LDL) cholesterol concentrations and high 
intake of lauric, palmitic and myristic acids to the increased risks of CHD (Williams, 2000). 
Unsaturated fatty acids are made up of MUFA and PUFA. Oleic acid is the most dominant 
MUFA with single double bond and has positive implications on human health related to 
lowering of plasma cholesterol (Haug et al., 2007).There are two types of PUFA in ruminant 
milk; omega-6 and omega-3 FA containing two or more double bonds. The human body 
cannot synthesis these fatty acids and depends on intake from dietary sources. The structures 
of omega-6 and omega-3 FA are depicted in Figure 2.1. The metabolism of omega-6 and 
omega-3 FA and associated enzymes is shown in Figure 2.2. There is need to maintain a 
balance between supply of LA and ALA as research has indicated that their products have an 
antagonistic effect on health (Barceló-Coblijn and Murphy, 2009).  
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Source: Barceló-Coblijn and Murphy (2009) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1. Model of the molecular structure of the cis-9, 12, 15-octadecatrienoic acid 
linolenic acid and the cis-9, 12-octadecadienoic acid or linolenic acid 
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Source: Williams (2000)   
 
 
 
 
 
 
 
Figure 2.2. Pathways for omega-6 and omega- metabolism in ruminant 
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Bioactive omega-6 arachidonic acid derived from LA increase chances of CHD and inhibit 
∆6desaturase enzyme which converts ALA to omega-3 eicosapentaenoic and 
docosahexaenoic acids (Williams, 2000). These ALA derived eicosanoids are health 
promoting. However, the ratio between omega-6 and omega-3 fatty acids in milk is low, 2:1, 
and favourable compared to meat products (Haug et al., 2007)   
 
There are as many as 28 geometric and positional isomers of linoleic acid (cis-9, cis-12 
octadecadienoic acid) with conjugated double bonds (Collomb et al., 2006) constituting 0.4% 
of total fat fraction in milk (Lindmark-Mansson et al., 2003). Of these, the C18:2 cis-9, trans-
11 CLA (rumenic acid) is the major isomer constituting approximately 78-90% of the total 
CLA in ruminant milk (Lock and Garnsworthy, 2003; Bauman et al., 2006; Tsiplakou et al., 
2008; Tsiplakou and Zervas, 2008). The predominant CLA isomer is derived from the 
mammary glands by the de novo synthesis through the action of ∆9 desaturase on 
intermediate vaccenic acid (C18:1 trans-11) (VA) (Figure 2.3.). The intermediate is from 
ruminal biohydrogenation of linoleic and linolenic acid (Tsiplakou et al., 2008; Roca 
Fernandez and Gonzalez Rodriguez, 2012). Therefore, C18:2cis-9, trans-11 CLA originates 
from two sources (Haug et al., 2007) and its concentration in milk is governed by VA 
availability and ∆9 desaturase activity. 
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Source: Collomb et al.(2006) 
  
Figure 2.3. Metabolic pathways for formation of CLA isomers 
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2.5. Factors affecting fatty acid composition 
Several authors have outlined many factors which could govern the fatty acid composition of 
milk but this section only discusses four frequently investigated and interdependent factors. 
 
2.5.1. Effect of diet on milk composition 
It is now commonly accepted that diet has the greatest influence on bovine milk FA (Boland 
et al., 2001). Many authors have indicated improved CLA concentration in milk when 
animals turn from concentrate based diets to fresh pasture (White et al., 2001; Collomb et al., 
2006; Elgersma et al., 2006; Croissant et al., 2007; Roca Fernandez and Gonzalez Rodriguez, 
2012).Compared to young summer shoots; winter pasture and mature forages contain less 
PUFA especially ALA needed in formation of CLA (Sun and Gibbs, 2012). Losses in PUFA 
usually occur as a result of lipolysis and oxidation during wilting and maturation (Heck et al., 
2009). Age, timing of cutting and species composition of forage sward should be considered 
in diet formulation as FA variations have been noted and subsequently on milk FA profile 
(Elgersma et al., 2006; Woods and Fearon, 2009; Kalac and Samkova, 2010; Descalzo et al., 
2012). The increase in CLA leads to inhibition of the de novo synthesis of short to medium 
chain fatty acids (Kelly et al., 1998; Chilliard et al., 2001). Palladino et al. (2010) noted that 
lush summer pasture limited de novo FA synthesis while poor winter forages limited blood 
derives FA. However, more investigation towards these changes and their relation to 
ruminant energy balance is necessary before making conclusions. In conclusion, 
improvement of CLA content in pasture is based on provision of lipid substrate ALA which 
is subsequently concerted to CLA (Collomb et al., 2006).  
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Another method of manipulating the bovine milk fatty acid composition is through provision 
of certain marine or plant oils in the ruminant diet. Many oils have been investigated through 
feeding raw or processed whole seed, protected oils or free oils (Roca Fernandez and 
Gonzalez Rodriguez, 2012). By analysis of literature, Woods and Fearon (2009) noted more 
ALA and LA in bovine from processed and protected oils and seeds as they easily release 
inner oils in the rumen. Increases in milk CLA was noted in animals fed diets containing 
marine oils. Marine oils are rich in high ALA and LA which act as substrate for CLA 
synthesis as noted above (Savoini et al., 2010).  
 
2.5.2. Effect of stage of lactation on milk composition 
The effect of stage of lactation is usually small compared to dietary effects. Variations in 
milk fatty acids are related to the energy balance in cows. In the early stage of lactation cows 
usually experience negative energy balance due to their inability to meet daily energy 
requirements (Kay et al., 2005). During this phase cows tend to convert adipose tissue into 
milk fatty acids. Short chain fatty acids are usually higher at this particular phase compared to 
long chain fatty acids. As lactation progresses inhibition of the de novo enzymes is lifted 
leading to production of more short and medium chain FA (Samkova et al., 2012). Crarinx et 
al. (2008) also noted changes in CLA in different stages of lactation.  
 
Garnsworthy et al. (2006) found de novo synthesized fatty acids lower in early lactation 
while preformed FA were higher in early lactation, but no significant differences in the 
desaturase activity was noted across progressing lactation. However, Kay et al. (2005) noted 
differences in desaturase activity in bovine milk. The differences in stages of lactation were 
attributed to seasonal changes in nutrition (Roca Fernandez and Gonzalez Rodriguez, 2012) 
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2.5.3. Effect of genotype and cow on milk composition 
Many researchers have noted variations among breeds in the FA. Saturated FA’s were 
observed in breeds with high milk fat content (White et al., 2001; Samkova et al., 2012). 
Palladino et al.(2010) observed differences in CLA and n-6/n-3 ratio among Jersey and 
Friesian cows. However, the breed effect contributes approximately 1% of the total variation 
(Roca Fernandez and Gonzalez Rodriguez, 2012). These variations could be explained by 
low sample size, varying activity of ∆9desaturase enzyme (Samkova et al., 2012) and daily 
variations in rumen vaccenic acid production. The response to diet within individual animals 
varies leading to variations in output of vaccenic acid and CLA. Related to this, is the change 
in ∆9desaturase activity (Kgwatalala et al., 2007) 
 
2.6. Milk fatty acids in health and related ratios and indices 
The nutritional quality and value of milk depends on the concentrations of SFA, trans FA, 
MUFA, PUFA, CLA and cholesterol. Many nutritionists do concur that there is still need to 
improve the healthiness of milk and dairy products in order to reduce predisposing factors 
leading to severe chronic diseases. Besides, the above mentioned classes of FA ratios such as 
PUFA/SFA are used in comparing and explaining the suitability of foodstuffs and 
benefits/harmful effects they may impart to the human consumer. 
 
It is now well established that saturated lauric, myristic and palmitic acids and trans FA are 
related to increase in plasma low density lipoprotein (LDL). These LDL induce cholesterol 
synthesis which increases the risks of CHD (Williams, 2000). Contrary to other SFA, stearic 
acid is not involved in cholesterol build up, but helps in lowering of the concentrations of 
LDL. Currently, nutritionists recommend reduced intake of total fat and SFA. However, 
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reducing concentrations of SFA at the expense of unsaturated fatty acids lower the oxidative 
stability of milk and milk products, leading to shorter shelf life (Boland et al., 2001).Similar 
to stearic acid, is the effect of CLA and MUFA, which has been noted for its antiatherogenic, 
anticarcinogenic, anti diabetic and immune stimulatory effects (Williams, 2000; Lock and 
Garnsworthy, 2003; Collomb et al., 2006). 
 
There has been concern towards the use of the n-6:n-3 in determining the risk of CHD due to 
its inability to distinguish between ALA and EPA/DHA (Woods and Fearon, 2009). 
However, researchers concur with the fact that, due to antagonistic effects of n-6 and n-3, it is 
important to reduce the ratio to < 4 (Simopoulus, 2002; 2006). This can be achieved through 
increasing dietary n-3 fatty acids intake, while reducing n-6 FA (Woods and Fearon, 2009). 
Higher values are detrimental and increase chances of autoimmune diseases (Roca Fernandez 
and Gonzalez Rodriguez, 2012). 
 
Studies have noted a positive association between ∆9 desaturase activity and CLA in ewe 
milk fat (Mel’uchova et al., 2008).  The ∆9 desaturase enzyme is responsible for adding cis 
double bond between carbons 9 and 10 and ultimately reducing concentration of saturated 
fatty acids. This improves the health aspect of milk and milk products (Lock and 
Garnsworthy, 2003) by reducing cancer and CHD predisposing factors. The most common 
desaturase activity indicator in bovine milk is by using C14:1 and C14:0 because all C14:0 in 
milk fat are produced by de novo synthesis (Tsiplakou et al., 2008). The atherogenicity index 
(AI) is commonly used to describe ratio between saturated and unsaturated FA or 
atherogenicity of milk fat (Sojak et al., 2012). Lower AI values are beneficial to health 
(Ulbricht and Southgate, 1991). 
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2.7. Future trends in pasture-based dairy 
Trends in milk production seem to be aiming at improving the health promoting constituents 
while reducing those increasing the chances of chronic diseases. A gap for value added 
products that impart positives to the human consumer exist, and this can be satisfied by 
pasture-based dairy. Increasing the CLA content seems to be the easiest way of enhancing 
dairy products but focus should also turn towards other fatty acids. Despite all commercial 
production, specific or designer products that cater for certain diseases and lifestyles remain 
limited (Mills et al., 2011). 
 
2.8. Summary of review of literature 
Milk derived from pasture-based systems is a good source of bioactive minerals important in 
tissue, physiological and enzymatic function. Increase of pasture in the diet reduces the milk 
yield but improves the overall CLA and MUFA concentration while reducing SFA. This 
consequently reduces the predisposing factors of CHD. However, not only diet causes 
variations in milk minerals and fatty acids, but also other animal and exogenous factors. 
These factors include milk yield and somatic cell counts. Compared to other sources of meat 
excluding marine, bovine milk is sufficiently healthier.  
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Chapter 3: Effects of stage of lactation on milk yield, milk mineral profiles and somatic 
cell counts in pasture-based Friesian, Jersey and Friesian × Jersey cows 
Abstract 
This study was carried out to determine the effect of stage of lactation on concentration of 
Ca, Mg, P, K, Na, Al, Cu, Bo, Mn, Zn, Fe and somatic cell counts in milk from pasture-based 
dairy cows. Milk samples were collected from 20 Friesian, 20 Jersey and 20 Friesian × Jersey 
cross cows at each lactation stage, i.e. early lactation, mid lactation and late lactation and 
stored at -40
o
C for further analysis. The Inductively Coupled Plasma Optical Emission 
Spectrometric (ICP-OES) method was used to determine the mineral concentration of milk, 
concentrate, silage and pasture samples. Somatic cells were determined using the flow 
cytometric method and were log transformed into counts. The main effects of stage of 
lactation, genotype and their interaction on milk mineral profiles were analysed using the 
General Linear Models (GLM) procedure of SAS (SAS, 2003, Version 6, SAS Institute, 
Cary, NC, USA). Friesian cows produced the highest (P <0.05) milk followed by Friesian X 
Jersey cows and the least from Friesian cows. The highest milk was produced in early 
lactation whilst the least was produced in late lactation (P<0.05). Calcium and phosphorus 
from pasture were significantly different in different sampling times. Ca was neither affected 
by stage of lactation nor genotypic differences. There was an interaction between stage of 
lactation and genotype on P, K, Al, Bo, Mn, Fe and Cu. Genotype had an effect on Na 
(P<0.05) and Cu (P<0.01), whilst Mg was only significantly influenced by the stage of 
lactation. There were no particular trends in mineral concentrations across lactation in all 
genotypes. Generally, there were strong correlations amongst macro-minerals and also 
amongst micro-minerals. There were no significant differences in SCC between genotypes. 
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However, significant differences in SCC were observed between stages of lactation with . In 
conclusion, genotype and stage of lactation had an effect on milk yield and minerals. 
Keywords: Genotype, milk yield, covariates, correlations, mineral concentration 
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3.1. Introduction 
Milk contains health-improving macro- and micro-minerals very useful in many body 
processes (Gaucheron, 2005). These minerals make milk and dairy products an integral part 
of many diets in developing and developed countries. Unlike in previously noted studies, the 
concentration of milk minerals varies (Dorbrzanski et al., 2005;Gaucheron, 2005; Sola-
Larranaga and Navarro-Blasco, 2008).The stage of lactation, nutritional status of cow, diet 
composition, soil nutrient composition and contamination and climate determine mineral 
composition (Rodriguez Rodriguez et al., 2001; Cashman, 2006; van Hulzen, et al., 2009).  
 
Knowledge of milk mineral variations, correlations and variations that may exist is of interest 
to researchers and can be exploited for consumer benefits as health-promoting products are 
becoming more of a regulatory requirement (Boland et al., 2001). Correlations may help in 
understanding the relationships between certain minerals, which can be of help in modifying 
some of them through conventional methods. Therefore, an increase in one mineral may 
enhance absorption of the other mineral. Such models will help us determine concentrations 
that may induce optimum absorption or inhibition of related minerals. 
 
Consumers are now demanding a product with desirable and functional properties (Guler, 
2007). Many studies have highlighted benefits associated with pasture feeding to the milk 
consumer such as improved organoleptic qualities (Knowles et al. (2006). Castillo et al. 
(2006) and Kelly et al. (1998) reported the presence of health benefiting components and 
other essential proteins, vitamins and related minerals in bovine milk.  A health promoting 
mineral profile in milk was highlighted by Boland et al. (2001) and van Hulzen et al. (2009). 
Despite the positive attributes of milk minerals, Cashman (2006) reported a surge in mineral 
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related conditions such as bone fracture and osteoporosis due to shortage of calcium. These 
problems can be alleviated if variations in milk calcium and related minerals between breeds 
can be exploited (van Hulzen et al., 2009), thereafter assigning a genotype to a specific brand 
product (Maurice-Van Eijndhoven et al., 2011).  
 
Bovine milk minerals have been extensively studied individually without association with 
somatic cell counts (SCC). Somatic cell counts are widely used as an indicator of mastitic 
conditions or udder health (Olde Riekerink et al., 2007; Blottner et al., 2011). A high SCC 
reflects poor stockmanship and translates into poor milk yield and quality, increased 
veterinary costs, reduced longevity, and stock losses through culling and death (Prendiville et 
al., 2010). These lead to overall economic losses to the producer (Koivula et al., 2005).An 
elevated SCC in milk occurs due to increased permeability of the udder membranes. Udder 
membrane permeability varies with stages of lactation, with high SCC reported in late 
lactation (Summer et al., 2009). It is then expected that such variations in SCC will affect 
mineral composition and milk quality (Davies et al., 1999). 
 
There has been a number of studies focusing on SCC in relation to confined goats (Wilson et 
al., 1995), buffaloes (Ceron-Munoz et al., 2002), fat and protein composition (Dechow et al., 
2007), stage of lactation and parity (Hagnestam-Nielsen et al., 2009), season bulk milk SCC 
(Olde Riekerink et al., 2007), yield and milking characteristics (Prendiville et al., 
2010).However, limited literature is available on the effects of SCC on the milk mineral 
composition in different stages of lactation in different pasture-based dairy cow breeds. There 
is therefore a need for a comprehensive research combining comparisons of minerals and 
SCC between breeds in all the different stages of lactation to yield more useful information 
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that could help solve health problems in humans. The objective of the study was to determine 
the effect of stage of lactation on milk yield, mineral profiles and somatic cell counts of 
pasture-based Friesian, Jersey and Friesian × Jersey dairy cows. 
 
3.2. Materials and Methods 
3.2.1. Study site 
The study was conducted at the University of Fort Hare Dairy Trust farm located in Alice. 
The farm is located on the following coordinates; 32,8
o
S and 26,9
o
E and lies 520m above sea 
level. The farm falls in the False Thornveld region. The seasons are divided into Spring (hot-
dry), Summer (hot-wet), Winter (cool-dry) and Autumn (post-rainy) seasons. An average of 
480mm of annual rainfall is mostly received in the summer season while the temperature 
averages 19,2
o
C. The area is generally flat and the soils are mostly shale and mudstone 
derived (Acocks, 1988). Approximately 200 ha of the farm is divided into 36 paddocks, 
covered by high yielding perennial rye grass, Lolium multiflorum and clover cultivar, 
Trifolium repens. 
3.2.2. Animals and animal management 
Data was collected from Jersey (n=20), Friesian (n=20) and Friesian × Jersey (n=20) winter 
calving cows. Clinically healthy dairy cows were randomly selected from a herd consisting of 
approximately 600 lactating cows. Experimental cows were in the 5
th
 parity. The cows were 
managed as one herd and clean drinking water and pasture were provided ad libitum. 
Rotational grazing was done amongst the 24 paddocks. Pasture was irrigated on appropriate 
intervals to maintain field capacity, whilst fertilisation was done to supply optimum nutrient 
needs for plants. Cows were supplemented with a grain-based concentrate during milking at a 
rate of 1kgDM/4kg of milk produced the previous day and an average of 6.8kg maize silage 
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per day. Minimum, maximum and mean walking distance from parlour to pasture was 0.3, 
3.5 and 1.9km/day, respectively. 
 
3.2.3. Pasture, concentrate and silage measurements 
Sampling was done in the three stages of lactation which are given as early (3-100 days), mid 
(101-200 days) and late lactation (201-305 days). Concentrate samples were collected 
manually, once per each phase of lactation from the bulk trough and immediately bagged to 
avoid contamination. Silage samples were collected once per each phase of lactation from 
troughs during feeding and stored under ice before transfer to laboratory. Pasture samples 
were collected from paddocks that were anticipated to be grazed by animals during the milk 
collection period according to Garcia and Holmes (2001).Quadrants of 0.124 m
2
 were used 
for random selection of transects in all the paddocks. An average of 25 pasture samples was 
hand-plucked at vegetative stage to cow grazing height (5cm) per each paddock to simulate 
cow grazing as described by Bargo et al. (2002) and Machado et al. (2005) and thoroughly 
mixed. A set of samples of concentrate, silage and fresh herbage was immediately weighed 
and oven-dried at 65
o
C for 48hrs. Sub-samples of concentrate, silage and fresh herbage were 
ground through a 1mm screen and sealed in plastic containers. Another batch of samples was 
immediately frozen at -20
o
C to avoid decomposition and nutrient loss until further analysis. 
The concentrate, silage and pasture batches were then assessed for mineral profiles.  
 
3.2.4. Milk sampling 
A 100ml representative sample was drawn from in-line milk meters in the parlour from each 
cow into sterile vacucontainers (Laboratory Supplies Co, Queensburgh, Malvern, South 
Africa). Milk samples were immediately stored in ice before transporting to laboratory in less 
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than 30 minutes. The milk samples were then stored at-20
o
C pending further analysis. A set 
of milk samples was then analysed for SCC and minerals. Aseptic techniques were employed 
when collecting samples to minimise contamination from cows and equipment. Sampling was 
done in all lactation stages and average yield was compiled using the electronic package, 
Afifarm V 3.05ET3 R (2007 Test version- Limited Edition), a component of the 60-stall 
rotary milking system (Waikato Milking systems, New Zealand) from morning and afternoon 
milking 
 
3.2.5. Determination of minerals 
Analyses of the milk mineral content was done at the Western Cape Department of 
Agriculture, Elsenburg Laboratory, Cape Town South Africa. A 0.5 g freeze-dried milk 
sample was digested with concentrated nitric acid (HNO3) and perchloric acid (HClO4) at 
200ºC using a Varian 207 (Liberty Machines, Victoria, Australia). Concentrated nitric acid 
was added to freeze-dried milk samples and heated in an open glass digestion tube in heating 
block to 120ºC block temperature. After addition of 30 % hydrogen peroxide (H2O2) and 
distilled water to the nitric acid the samples were digested for 20 minutes before cooling. All 
samples were digested in duplicate. An aliquot of the digest solution was used for the 
Inductively Coupled Plasma Optical Emission Spectrometric (ICP-OES) determination of 
these minerals. The wavelength of magnesium, calcium, phosphorus, potassium, sodium and 
iron was 383.826 nm, 422.673 nm, 213.618 nm, 769.896 nm, 589.592 nm and 259.940 nm, 
respectively. The instrument was set up and operated according to the recommended 
procedures (Chao-Yong and Schulte, 1985). Initially, one of the samples was analysed to 
determine the approximate level of all the elements, and this information was used to prepare 
a series of standard solutions to calibrate the instrument for accurate analysis of all the 
samples. These standards contained all the elements of interest in similar proportions to the 
34 
 
samples. All sample solutions (duplicate nitric acid only and duplicate perchloric + nitric acid 
digests) were analysed for each element, and after rejection of possible outliers, the mean of 
the remaining values was calculated for each element per given sample. 
 
3.2.6. Determination of somatic cell counts 
A Somacount Flow Cytometer (Bentley Instruments, Minessota, USA) was used in 
determining the SCC of the milk samples as described by Ceron-Munoz et al. (2002). Briefly, 
a stained sample was combined with a carrier fluid in the flow cell, allowing a steady stream 
of cells in the viewing field. Cells emit a red light when exposed to the blue-green laser light. 
The light emission is captured as an electric impulse which was then counted as a white blood 
cell. Individual cells were thus viewed and counted as light fluorescent emissions. Due to the 
great variation in machine generated counts, SCC was then converted to log (Fouz et al., 
2010). 
 
3.2.7. Statistical analysis 
All data were analysed using Statistical Analysis System (SAS), Version 9.1.3 of 2003 (SAS, 
2003). Descriptive statistics of all variables were computed using the PROC MEANS. Milk 
yield and logSCC were analysed using the PROC ANOVA and the following model was 
used; 
Yijk = µ + αi + βj + (α*β)ij + eijk 
Where;  
Yijk = response variable (log (SCC) and milk yield); 
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µ = overall mean of the population; 
αi = effect of i
th
 genotype (i = Friesian, Jersey and Jersey × Friesian crossbred); 
βj = effect of J
th
 stage of lactation (j = Early, mid and late lactation);  
(α*β)ij = genotype and stage of lactation interaction; 
eijk  = residual error.  
Data on milk mineral content was analysed using the ANCOVA procedure using the 
following model was used; 
Yijk = βo + Bi + Sj + (B*S) ij + β1X1 + β2X2 + єijk 
Where; 
Yijk = Dependent variable (Ca, B, Fe, K, Zn, P, Mn, Mg, Cu, Al and Na); 
βo = overall intercept;  
Bi = fixed effect of genotype (i =Friesian, Jersey and Jersey × Friesian crossbred); 
Sj = fixed effect of stage of lactation (j = Early, mid and late lactation); 
(B*S) ij =fixed effect of the genotype and stage of lactation interaction; 
β1and β2 = linear regression co-efficient associated with covariates (milk yield and somatic 
cell counts); 
X1 and X2 = random effect of milk yield and somatic cell counts, respectively; 
єijk= residual error.  
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Least Square Means were compared using the PDIFF procedure and associations between 
SCC, minerals and milk yield were analysed using the Pearson product-moment correlations 
through the PROC CORR procedure of SAS (2003). 
 
3.3. Results 
3.3.1. Pasture mineral content 
The mineral concentrations of pasture grazed by cows in different stages of lactation are 
shown in Table 3.1. Significant differences (P<0.05) were observed in Ca, P and Bo. These 
minerals were highest in early lactation and lowest in late lactation. 
 
3.3.2. Milk yield and somatic cell counts 
Milk yield and somatic cell counts of the three genotypes at early, mid and late lactation are 
shown in Table 3.2. Milk yield was affected by genotype (P<0.05). Friesian cows produced 
the highest milk (23.4kg/d) while the Jersey cows produced the lowest milk yield (15.5kg/d). 
The highest milk yield was observed in the early lactation stage while the lowest yield was 
recorded in late lactation. The effect of interaction was observed between genotype and stage 
of lactation milk yield (P<0.05). The results show that there was no difference in SCC 
between the different genotypes. However, differences in SCC were observed in stages of 
lactation (P<0.05). Low SCC were observed in the early lactation stage for all genotypes but 
increased with progressing lactation. No interactions were observed in SCC between 
genotype and stage of lactation.  
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Table 3.1. Mineral profiles of pasture grazed during stages of lactation 
Minerals (DM%) Stage of lactation Silage Concentrate 
 Early-lactation Mid-lactation Late-lactation   
n 15 21 17 18 17 
Calcium (Ca)  0.8a±0.02 0.4b±0.02  0.4b±0.02        0.51 0.56 
Phosphorus (P) 0.5a± 0.01 0.4b±0.01 0.4b±0.01 0.39 0.45 
Magnesium (Mg) 0.3±0.01 0.3±0.01 0.3±0.01 0.28 0.34 
Potassium (K)  5.1±0.31 4.5±0.31 4.9±0.31 4.33 5.35 
mgL-1      
Sodium (Na)  5250.5±184.81 5101.2±184.81 5203.4±184.81 3239.3 5254.7 
Aluminium Al)  390.0±69.65 388.3±69.65 386.7±69.65 107 84.0 
Boron (Bo)  17.2a±1.03 11.3b±1.03 4.7c±1.03 7.0 4.0 
Copper (Cu)  6.1±0.57 6.4±0.57 6.5±0.57 9.9 42.3 
Iron (Fe)  331.1±58.31 329.9±58.3 360.5±58.31 5070.3 223.4 
Manganese Mn)  51.9±4.23 55.2±4.23 52.8±4.23 305 477.8 
Zinc (Zn)  43.6±7.99 44.1±7.99 48.0±7.99 402.5 1376.3 
Least square mean values in the same row with different superscripts differ (P<0.05) 
s.e = standard error of mean 
mgL
-1 
= milligrams/litre 
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Table 3.2. Milk yield and SCC of different genotypes and stages of lactation 
  Milk yield (kg/day) SCC (log SCC) 
Breed  Friesian 23.4
a  
± 0.27 5.4 ± 0.02 
 Jersey 15.5
c
 ± 0.26 5.4 ± 0.04 
 Friesian × Jersey  19.6
 b
 ± 0.26 5.4 ± 0.02 
Significance   *** NS 
    
Stage  Early lactation 25.7
a  
± 0.21 5.3
b
 ± 0.02 
 Mid lactation 18.9
b 
± 0.28 5.5
 a 
 ± 0.02 
 Late lactation 13.9
c 
 ± 0.29 5.5
 a  
± 0.02 
Significance   *** *** 
Least square mean values (±s.e) in the same column with different superscripts differ 
significantly 
NS = Non significant; *** = P<0.001  
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3.3.3. Effect of genotype and stage of lactation and their interaction on milk mineral 
profiles 
All minerals except calcium, sodium and zinc were affected by genotype (Table 3.3). Friesian 
cow milk had the highest Mg, Bo, Cu (P<0.05) and Al (P<0.001) concentration in milk than 
Jersey cows. Magnesium and Bo content in milk from the Friesian cows did not differ from 
that of the Friesian × Jersey cows. Jersey cows recorded the highest Mn, P (P<0.05) and Fe 
(P<0.01) than Friesian cows. Friesian X Jersey cow milk contained highest concentrations of 
K (P<0.01) in mid lactation and the lowest K concentration in late lactation. No statistical 
difference in Mn concentration was observed between Friesian × Jersey and Jersey cow milk. 
 
Stage of lactation had an effect on milk mineral concentrations (Table 3.3) except for Ca and 
Mg. The trends in concentrations were not the same for all minerals. Concentrations of trace 
elements Zn (P<0.01), Fe, Bo and Al (P<0.001) declined during mid-lactation but then 
increased during late lactation. In contrast concentrations of major elements P (P<0.01) and 
K (P<0.001) behaved in the opposite direction with an increase during mid lactation. On the 
other hand higher concentrations of Mn and Cu (P<0.05) were observed in early lactation but 
lower in late lactation but in contrast sodium concentrations significantly increased (P<0.05). 
 
Potassium was the only macro-mineral significantly (P<0.05) affected by the interaction 
between stage of lactation and genotype. Potassium concentration increased in all breeds 
during mid-lactation but decreased thereafter. All the trace elements, except Mn and Zn, were 
significantly influenced by the interaction between stage of lactation and genotype. 
Aluminium, Bo and Fe were significantly higher (P<0.05) during early lactation, decreasing 
during mid-lactation and then gradually increased during late lactation stage in all the three 
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genotypes. Copper was significantly (P<0.01) affected by interaction between stage of 
lactation and genotype. Higher milk Cu concentrations were observed in the early lactation in 
all the genotypes while low concentrations were observed in the mid and late lactation phases 
except for Friesian cows in mid-lactation. 
 
Table 3.4 shows correlations among milk minerals, yield and SCC. Generally major minerals 
were related to other major minerals, except where calcium had a moderate positive 
relationship with Zn. The same trend, as for Zn, was observed for other trace elements. Weak 
correlations between SCC and all other variables analysed was evident. Strong negative 
correlations were obtained between milk yield and Na and SCC. Weak positive and weak 
negative correlations were observed between milk yield and Cu and Mn, respectively. 
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Table 3.3.Effect of interaction of stage of lactation and genotype on milk mineral profiles 
Lactation Stage 
   Early   Mid    Late   
 Friesian  Jersey  Cross  Friesian  Jersey  Cross  Friesian  Jersey  Cross  
Major minerals (mgL-1)         
Calcium (Ca)  1121±58.1 1122±24.1 1174±35.0 1122±36.2 1097±48.4 1134±37.0 1138±43.6 1088±65.0 1115±49.1 
Phosphorus (P) 900±50.3 944±20.9 967±30.3 963±31.3 992±41.9 1034±32.0 887±37.8 852±56.2 936±42.6 
Magnesium (Mg) 96±5.0 91±2.1 99±3.0 99±3.1 92±4.2 97±3.2 101±3.8 88±5.6 95±4.2 
Potassium (K) 1532b±82.9 1511b±34.4 1529b±49.9 1636ab±51.6 1505b±69.1 1778a±52.8 1163d±62.2 1182d±92.7 1269c±70.1 
Sodium (Na) 294±37.1 276±15.4 298±22.4 363±23.1 323±31.0 355±23.6 412±27.9 391±41.5 411±31.4 
Trace  minerals (mgL-1)         
Aluminium (Al) 1.28a±0.129 0.74d±0.054 1.08b±0.078 0.84c±0.081 0.12f±0.108 0.33e±0.082 0.93c±0.097 0.66d±0.145 0.80c±0.109 
Boron (Bo) 0.13c±0.010 0.15b±0.004 0.15b±0.006 0.08e±0.006 0.10d±0.009 0.09d±0.007 0.14bc±0.007 0.16a±0.011 0.13c±0.009 
Manganese (Mn) 0.07±0.007 0.05±0.003 0.06±0.004 0.06±0.004 0.04±0.006 0.05±0.004 0.04±0.005 0.04±0.008 0.04±0.006 
Iron (Fe) 1.29a±0.138 0.93c±0.057 1.22a±0.080 1.11b±0.086 0.49e±0.115 0.66d±0.088 0.96c±0.103 0.64d±0.154 0.97c±0.117 
Copper (Cu) 0.20a±0.024 0.14b±0.010 0.18ab±0.014 0.15b±0.015 0.09c±0.020 0.07c±0.015 0.09c±0.018 0.06c±0.026 0.08c±0.020 
Zinc (Zn) 4.65±0.290 4.37±0.120 4.44±0.175 4.52±0.180 3.79±0.241 3.82±0.184 4.52±0.218 4.72±0.324 4.52±0.245 
Least square mean values in the same row with different superscripts are significantly different (P<0.05) 
mgL
-1
=milligrams/litre, s.e = standard error of mean
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Table 3.4. Correlations between milk minerals, SCC and milk yield 
Variable  P  Mg  K  Na  Al  Bo  Cu  Fe  Mn Zn  SCC Milk 
Yield  
Ca  0.42*** 0.59*** -0.02 0.19 0.04 0.01 -0.06 0.10 0.13 0.34*** 0.05 -0.03 
P    0.32*** 0.52*** -0.16* -0.40*** -0.12 -0.09 -0.24** -0.16* -0.01 0.11 0.18 
Mg     -0.06 0.48*** 0.21** -0.08 -0.15* 0.17* 0.23* 0.24** 0.14* -0.35* 
K     -0.31*** -0.42*** -0.18* -0.11 -0.27** -0.15* -0.16* 0.01 0.18* 
Na       0.25** -0.22* -0.19* 0.20* 0.26* 0.07 0.18* -0.49*** 
Al       0.28*** 0.21** 0.59*** 0.38*** 0.37*** -0.20** -0.33*** 
Bo         0.18** 0.23* -0.06 0.16* -0.24** 0.17 
Cu          0.23* 0.08 0.13 -0.25** 0.20* 
Fe           0.30* 0.28*** -0.26** -0.089 
Mn            0.15* -0.11 -0.28*** 
Zn            -0.14 -0.01 
SCC             -0.41*** 
Significantly correlated at *P<0.05, **P<0.01, ***P<0.001 
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3.4 Discussion 
The means and ranges of most of the milk minerals, yield and SCC in the current study were 
in line with previously reported values (Palladino et al., 2010). Milk production in different 
breeds has been extensively studied. Friesian cows produced a consistently higher milk yield 
across all stages of lactation compared to Jersey cows (White et al., 2001). Results from this 
study are consistent with previous findings (Prendiville et al., 2009, 2010, 2011; Xue et al., 
2010; Dodzi and Muchenje, 2011). Hickson et al. (2006) found the same trend in once or 
twice milked Friesian and Jersey dairy cows. Crossing Jersey and Friesian cows did not cause 
heterosis, expected to be high for all yield traits (Dechow et al., 2006).  
 
In the current study, as in previous studies by Baudracco et al. (2011) and Hand et al. (2012), 
milk yield decreased with progressing lactation. An inverse relationship existed between SCC 
and milk yield which was also observed by Guo et al. (2010). This is regarded as a loss in 
milk (Miller et al., 2004). SCC of the current study were higher than those reported in heifers 
(Ceron-Munoz et al., 2002), but lower than the bulk milk somatic cell count (BMSCC). 
Individual cow somatic cell counts (ICSCC) from a previous study were higher in herds of 
parities greater than 5 (Olde Riekerink et al., 2007). 
 
The increase in SCC concurs with other studies, as it has been reported that as stage of 
lactation and parity progress there is increased exposure to pathogens, accumulation of 
bacterial diseases and permanent grandular damage accumulating from previous infections 
(Ceron-Munoz et al., 2002). Green et al. (2006) observed significant increase in SCC with 
advancing stage of lactation due to different pathogen species infection during summer 
months. Arias et al. (2012) related low SCC in young Manchega ewes in early lactation 
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stages to a “dilution effect” around peak production. Therefore, extended lactations in 
multiparous cows have negative effects on milk quality (Hagnestam-Nielsen et al., 2009; 
Williams et al., 2012).There is therefore a need to create and use multifactor models to show 
a better extent of SCC and yield relationship in different breeds (Samore et al., 2008). 
 
There was no genotypic difference in SCC in this study. This also concurs with the findings 
of Prendiville et al. (2010) and Washburn et al. (2002).Contrary to our findings, research by 
Sewalemet al. (2006) found significant differences in SCC between Jersey and Holstein-
Friesian cow milk which many authors link to breed variations in inflammatory responses 
towards mastitis (Hagnestam-Nielsen et al., 2009). 
 
The findings of this study give a more detailed behaviour of minerals in different 
physiological states in different genotypes. Stage of lactation, genotype and their interaction 
all affected milk mineral composition differently. Generally, there were strong correlations 
among macro-minerals. The same could be seen in micro-minerals with a few exceptions. 
Despite significant changes in milk SCC, Ca remained relatively constant, while all 
othermacro- and microelements revealed changes across stages of lactation and between 
genotypes as also reported by van Hulzen et al. (2009). Calcium plays an important role in 
milk product quality, calf nutrition, while playing an important role in human immunity, 
therefore a high and stable concentration is of great importance. The constant Ca 
concentration is due to bone resorption (Gallego et al., 2006). In contrast to our findings 
Davies et al. (2001) found high concentrations of Ca in Jersey than Friesian cow milk. Such 
variations were explained by breed-protein content interaction with Jersey having better milk 
protein content (Knowles et al., 2006). 
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Milk calcium exists bound to caseins micelles which form the backbone of milk proteins; 
therefore a high protein may denote a high Ca content in milk which shows high genetic 
variation (van Hulzen et al., 2009). Levels of milk Ca in our study were consistent with 
ranges reported by Smit et al. (2000), Gaucheron (2005), Hauget al. (2007) and by Mapekula 
et al. (2011) in Nguni and exotic crossbred cattle. These concentrations were lower than 
standards of 1200mg/L, and those reported for cow milk by Sola-Larranaga and Navarro-
Blasco (2009); Schonfeldt et al. (2012) and in sheep and goat milk by Khan et al.(2006) and 
Guler (2007).The reasons for these low Ca content are not clear (Park, 2000) since dietary Ca 
has less influence on milk Ca(Smit et al., 2000). Low Ca in milk may impair health, growth 
and development for young and may not be enough to slow down osteoporosis in older 
woman over time but may present an opportunity for selective breeding and benefits to 
consumer (Knowles et al., 2006). Ratios of 11.86:1 for Ca:Mg and 1.2:1 for  Ca:P  were 
observed in this current study. These ratios are adequate for human and calf nutrition and 
may strongly suggest the influence of protein and protein caseins in the mineral composition 
of milk (Gaucheron, 2005).  
 
Bone resorption is also related to P and Mg, but the two minerals do not behave similarly as 
Ca. Phosphorus was affected by stage of lactation and genotype while Mg was only affected 
by genotype in this current study. The Ca:P ratio of 1.2:1 and a strong correlation between the 
two minerals in the current study was comparable with other research (Guler, 2007) and may 
be due to the fact that the two minerals co-exist in several forms such as colloidal Ca 
phosphate in milk (van Hulzen et al.,2009). A high ratio, above 10:1 between Ca-Mg in the 
present study may be detrimental and impair absorption of calcium from the bones leading to 
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complications such as osteoporosis if measures to improve intake concentration are not 
undertaken (Cashman, 2006). No significant correlation was observed between SCC and P 
levels in milk as stage of lactation progressed but Summer et al. (2009) observed a fall in the 
macronutrient with increasing SCC due to a need by the udder to maintain osmolarity.  
 
Mastitis increases udder permeability leading to variations in milk concentrations of salt 
component of milk. This effect, compounded with progressing lactation status and age of the 
cow leads to more salt ions being released into milk (Summer et al., 2009). Our study 
concurs with this view as more Na was realised in the last stage of lactation while K reduced 
in concentration. Therefore, an inverse relationship existed between Na and K as reflected by 
a strong negative correlation coefficient also observed by Gallego et al. (2006) in lactating 
hinds. In the current study, a low SCC in milk was observed reflecting little or no udder 
damage. Consequently, less Na permeates into the udder alveoli, resulting in a small Na:K 
ratio of 0.23:1, which is comparable to a value of 0.3:1 by Summer et al. (2009) in milk with 
less than 400 000cells/ml of milk. Park (2000) found a similar ratio in goat fluid milk. The 
genotypic difference in milk mineral ratios could possibly be explained by physiological 
differences in nutrient retention and release mechanisms. 
 
Aluminium can become a health risk and lead to toxicity if concentration in milk is not 
checked (Mandic et al., 1995; Al Juhaiman, 2010) with a possible link to Alzheimer’s disease 
(Stahl et al., 2011). This study highlighted genotypic differences and the effect of stage of 
lactation on milk mineral composition. Minimum and maximum Al concentration of 240 and 
1950µg/l observed in this current study respectively, were higher than mean and ranges 
reported by Fernandez-Lorenzo (1999), Sola-Larranaga and Navarro-Blasco (2009) in cow 
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milk. Similar to this study Park (2000) found Al mean concentrations of 1070 µg/l in dairy 
cattle. Highest Al concentrations were observed in early and late lactation whilst the lowest 
was observed in mid-lactation. This can be attributed to the “dilution effect” of milk during 
early lactation period where milk becomes more dilute. Results of this study indicate a higher 
Al content in high yielding Friesian cows as opposed to low yielding Jersey cows which 
cannot be explained. Other authors have indicated that the strong inverse relationship 
between Al and P and K may be due to the analytical technique used(Fernandez-Lorenzo, 
1999; Smit et al., 2000). 
 
The immunological functions of Fe and Zn in cellular physiological processes have been well 
documented (Yamaguchi, 2010) Deficiency of either may be limiting to absorption and 
function of the other leading to challenges in normal development of the animal. Generally 
Fe and Zn concentration decreased during mid-lactation and slightly increased in the late 
stage of lactation. Same Fe:Zn ratios of 0.26, 0.18 and 0.19:1were observed in early, mid and 
late lactation, respectively. Iron was affected by genotype, with high concentration in Friesian 
cow milk whilst Jersey produced milk with the lowest Fe concentration. The Fe:Zn ratio in 
the current study across stages of lactation are comparable to other studies Rodriguez 
Rodriguez et al. (2001), Soliman (2005) and Ceballos et al. (2009), but higher than results by 
Sola-Larranaga and Navarro-Blasco (2009) and standards ranges of 0.06-0.1 (Khan, 2006). 
Cow Fe:Zn ratios are low compared to 0.83:1 ratio for goats due to species differences as 
reported by Guler (2007).A higher Fe:Zn ratio is detrimental as it causes reduced zinc uptake 
from the gastrointestinal tract and bioavailability. The Fe and Zn concentrations in the milk 
are able to meet human demands. 
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3.5. Conclusions 
This study showed that variations in milk mineral profiles do exist due to changes in phases 
of lactation and genotypic differences. Interaction between stage of lactation and genotype 
affected some mineral components of milk. Somatic Cell Counts did not differ between 
different genotypes, but were affected by stage of lactation. but their effect on mineral 
profiles in this current study was not fully exerted as their concentrations were below average 
limit for many dairy processors. Such variations in milk mineral profiles can be fully 
exploited in future to come up with more value-added milk for the improvement of human 
health and nutrition. Minerals such as Fe, Cu and Zn may be improved on-farm through breed 
selection in order to improve the overall concentration available for human consumption. 
This study provides an important foundation for future breed-mineral relation studies. To 
further analyse the functional and nutritional value of milk it is important to study 
components such as fatty acids, referred to in Chapter 4. 
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Chapter 4: Effect of stage of lactation on milk fatty acid profiles of Friesian, Jersey and 
Friesian × Jersey cross cows under a pasture-based dairy system 
Abstract 
The objective of the study was to investigate the effect of stage of lactation on the fatty acid 
(FA) profiles of Friesian, Jersey and Friesian × Jersey cow milk. Milk samples from 18 
Friesian, 18 Jersey and 19 Friesian × Jersey cows were collected once, in early lactation, 
twice in mid-lactation and once in late lactation during 2011 and 2012 for milk fat 
composition. Lipid extraction of pasture samples was conducted using the Soxhlet method 
while the Folch chloroform and methanol method was used for milk samples. Fatty acids 
were trans-esterified to methyl esters and quantified using the ionisation gas chromatography 
method and identified by comparing with peaks of standards. Pasture ALA, SFA, n-3, n-6/n-3 
and PUFA/MUFA concentration did not differ across the study period. Linoleic acid in 
pasture was highest in the second phase which coincides with mid lactation in cows (P 
<0.001). Highest milk moisture content coincided with the least fat free dry matter content in 
early lactation (P <0.001). Significantly high fat content was observed in late lactation than 
early lactation. Highest butyric, caproic, linoleic, n-6 and PUFA were observed for milk from 
Friesian cows. All other fatty acids were not significantly different among different 
genotypes. Highest CLA, ALA, LA, SFA, PUFA, n-6, and n-3 and atherogenicity index were 
observed in early lactation whereas desaturase activity indices were highest in late lactation. 
Strong positive relationships were observed for PUFA/SFA and long chain fatty acids 
whereas an inverse relationship existed between PUFA/SFA and PUFA. Strong positive 
correlations were observed among milk vaccenic, ALA, LA and CLA concentrations. Inverse 
relationships were observed between SFA and long chain fatty acids. In conclusion, stage of 
lactation and genotype affected milk fat and fatty acid concentrations. 
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4.1. Introduction 
Milk improvement continues to grow in many parts of the world in the past recent years and 
research has been based on mineral composition (Chapter 3) and fatty acids.  Milk has a high 
lipid content composed of approximately 400 different fatty acids (FA) grouped into 
saturated fatty acids (SFA) (75%), monounsaturated fatty acids (MUFA) (20%) and 
polyunsaturated fatty acids (PUFA) (5%) of variable chain lengths (C4 to C26). Short-
medium chain fatty acids (SMCFA) (C4-14) are derived from the de novo synthesis in the 
mammary glands while long chain fatty acids (LCFA) (C18-26) are derived from the diet 
(Roca Fernandez and Gonzalez Rodriguez, 2012). Half of the C16 fatty acids are derived 
from both de novo synthesis and from the diet. Some of the FA’s have a positive influence on 
human health while some pose a risk if consumed above certain critical levels (Muchenje et 
al., 2009; Palladino et al., 2010; Devle et al., 2012).  Much of the debate and negative 
perception on milk and milk products emanates from the high fat content, which 
consequently increases milk’s energy density, and is believed to be the cause of chronic 
disorders such as diabetes and cardiovascular diseases (Givens et al., 2006). Recent research 
shows that SFA are responsible for such chronic diseases.  
 
Research on milk’s lipid composition has pointed out that SFA, especially lauric, myristic 
and palmitic acids, are responsible for the increase in blood plasma cholesterol concentration 
(Talpur et al., 2006; Wales et al., 2009), leading to coronary heart disease (CHD) (Williams, 
2000). However, consumption of foods such as dairy products rich in unsaturated fatty acids, 
such as conjugated linoleic acids (CLA), α-linolenic (ALA, 18:3n-3) and oleic acids is 
associated with good human health (Mutsvangwa et al., 2012). The potential benefits of CLA 
include anti-carcinogenic, anti-atherogenic, anti-diabetic and immune-modulation effects, 
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while effects of omega-3 (n-3) FA extend to prevention of heart disease and immune 
response (Muchenje et al., 2009; Palladino et al., 2010; Savoini et al., 2010). Omega-6 (n-3) 
and omega-3 fatty acids have antagonistic physiological functions and need to be balanced 
for good health and development (Simopoulos, 2002; 2006). However, other animal factors 
such as milk yield need to be considered when analysing the composition of milk.  
 
Cows which produce more milk have higher dry matter intake than low producing cows 
(Prendiville et al., 2009; Mapekula et al., 2011). The difference in consumption between high 
and low producing cows affect rumen passage rates and subsequent rumen isomerisation and 
biohydrogenation and also the activity of stearoyl-CoA (SOD), commonly known as ∆9- 
desaturase in the mammary gland due to changes in microbial flora (Kay et al., 2005; Sun 
and Gibbs, 2012). Feed intake also declines with progressing lactation as foetal growth 
reduces rumen capacity, thereby affecting cow energy balance and subsequently rumen 
microbial flora (Stoop et al., 2009). Furthermore, seasonal differences in pasture production 
and nutritive characteristics will result in differences in milk FA profiles (Walker et al., 
2012). The differences in pasture FA profiles and their effect on milk fat and FA profiles 
were also highlighted by Meluchova et al. (2008) on sheep based on natural pastures. 
Elgersma et al. (2006) further emphasised the need to quantify all pasture FA consumed and 
relate them to milk fat and FA profile as some act as precursors of resultant milk fatty acids. 
It is also important to quantify the variations of ∆9- desaturase between genotypes and stages 
of lactation as an indicator of milk functional quality. ∆9- desaturase is important for 
production of CLA and MUFA (Soyeurt et al., 2006). However, differentiating the effects of 
nutrition and stage of lactation may be difficult but it is more important to give details on the 
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trends that occur on fatty acids in different genotypes and stages of lactation in the search for 
a healthy milk FA profile which only a few studies have investigated. 
 
Many studies have focused on and acknowledged the significance of diet in manipulating and 
enhancing health promoting and disease preventing groups of FA (Woods and Fearon, 2009). 
Pasture feeding is associated with low energy intake, low milk production. However, there is 
strong evidence that milk FA profile vary due to many other exogenous and endogenous 
factors which have been studied to a lesser extent (Roca Fernandez and Gonzalez Rodriguez, 
2012, Samkova et al., 2012). The factors involved include genotype (Talpur et al., 2006; 
Palladino et al., 2010), cow individuality (Sojak et al., 2012), parity (Rani et al., 2011), 
species (Tsiplakou and Zevas, 2008; Devle et al., 2012), locality and season (Smit et al., 
2000). The effect of stage of lactation on milk FA composition is not yet clearly understood 
with a few reports highlighting contrasting findings (Craninx et al., 2008; Mapekula et al., 
2011). Therefore, there is need for a study which could help in coming up with health 
promoting value added milk products. The objectives of the study were to determine the 
effect of stage of lactation on milk FA acid profiles of Friesian, Jersey and Friesian × Jersey 
cross cows based on pasture.  
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4.2. Materials and Methods 
4.2.1. Study site 
The study site is the same as described in Section 3.2.1 
4.2.2. Animal management 
Animal management is described in Section 3.2.2 
 
4.2.3. Milk, pasture, silage and concentrate sample collection 
Milk samples (100ml) were collected in the morning from all animals under investigation 
through the in-line milk meters in the 60 stall rotary milking system (Waikato Milking 
systems, New Zealand). A total of 202 milk samples were collected from the three genotypes 
at three sampling times: in stage one (n=58), stage two (n=92) and stage three (n=52) of 
lactation. Each milk sample was divided into two 100 ml parts, one for chemical composition 
and the other for fatty acid analysis. A total of thirty pasture samples were collected at each 
milk sampling time during the three stages of lactation. Random sampling procedure of 
pasture sampling was employed and pastures were hand-plucked to grazing height as 
described in Chapter 3. Samples were immediately bagged and stored in a cooler box with ice 
packs to avoid further oxidation and transported to the laboratory. Pasture samples were then 
stored at -20
o
C pending other analysis. Twelve silage and four concentrate samples were 
collected during the three phases of lactation and analysed for fatty acids. Fatty acid analysis 
was carried out at the University of Free State, Department of Microbiology and Food 
Science. 
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4.2.4. Lipid extraction of pasture, concentrate and silage samples 
The Soxhlet method was used to extract lipids in samples of pasture, concentrate and silage. 
A 10g dry, ground sample was hydrolysed using concentrated HCl for 1 hour. Ether was used 
as the solvent in final extraction of lipid in a sample. 
 
4.2.5. Lipid extraction of milk samples 
Total lipid from milk samples was quantitatively extracted, according to the method of 
Folchet al.(1957), using chloroform and methanol in a ratio of 2:1. An antioxidant, butylated 
hydroxytoluene was added at a concentration of 0.001 % to the chloroform:methanol mixture. 
A rotary evaporator was used to dry the fat extracts under vacuum and the extracts were also 
dried overnight in a vacuum oven at 50°C, using phosphorus pentoxide as moisture 
adsorbent. Total extractable fat content (EFC) was determined gravimetrically and expressed 
as % fat (w/w) per 100g milk. The fat free dry matter (FFDM) content was determined by 
weighing the residue on a preweighed filter paper, used for Folch extraction, after drying. By 
determining the difference in weight, the FFDM could be expressed as % FFDM (w/w) per 
100 g milk. The moisture content of the milk was determined by subtraction (100% - % lipid 
- % FFDM) and expressed as% moisture (w/w) per 100 g milk. The extracted fat was stored 
in a polytop (glass vial, with push-in top) under a blanket of nitrogen and frozen at –20°C 
until further analyzed. 
 
4.2.6. Methylation of milk, pasture, concentrate and silage lipids 
Approximately 10 mg of total lipid, from Folch extraction, was transferred into a Teflon-
lined screw-top test tube by means of a disposable glass Pasteur pipette. Fatty acids were 
transesterified to form methyl esters using 0.5 N NaOH in methanol and 14 % boron 
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trifluoride in methanol (Park and Goins, 1994). Fatty acid methyl esters were quantified using 
a Varian GX 3400 flame ionization GC, with a fused silica capillary column, Chrompack 
CPSIL 88 (100 m length, 0.25 m ID, 0.2 m film thickness). Column temperature was 40–
230°C (hold 2 minutes; 4°C/minute; hold 10 minutes). Fatty acid methyl esters in hexane 
(1l) were injected into the column using a Varian 8200 CX Autosampler with a split ratio of 
100:1. The injection port and detector were both maintained at 250°C. Hydrogen, at 45 psi, 
functioned as the carrier gas, while nitrogen was employed as the makeup gas. Varian Star 
Chromatography Software recorded the chromatograms. Fatty acid methyl ester samples 
were identified by comparing the relative retention times of FAME peaks from samples with 
those of standards obtained from SIGMA (189-19). Fatty acids were expressed as the relative 
percentage of each individual fatty acid as a percentage of the total of all fatty acids detected 
in the sample. The following fatty acid combinations and ratios were calculated by using the 
fatty acid data: total saturated fatty acids (SFA), total mono-unsaturated fatty acids (MUFA), 
total polyunsaturated fatty acids (PUFA), total omega-6 fatty acids, total omega-3 fatty acids, 
PUFA/SFA and omega-6/omega-3 ratio. Atherogenicity indices (AI) were calculated as the 
content ratio of SFA/unsaturated FA using the following formulae proposed by Ulbricht and 
Southgate(1991); 
Atherogenecity index (AI) = [C12:0 + 4(C14:0) + (C16:0)]/ Σ(MUFA + PUFA) 
The ∆9 desaturase indices were used as an indicator of the ∆9 desaturase activity using fatty 
acids that are substarates and products for ∆9 desaturase and calculated using the following 
model proposed byLock and Garnsworthy(2003); 
Desaturase index (DI) = (sum of ∆9 desaturase products) / (sum of ∆9 desaturase 
substrates + products) 
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4.2.7. Statistical analysis 
All data were analysed using the general linear model procedure of JMP 9.0 (SAS Institute, 
2010). Nominal variables of genotype and stage of lactation were included in the model as 
fixed effects while continuous variables of milk composition and fatty acids were included in 
the model as dependant variates. The interaction between stage of lactation and genotype 
were initially tested but not significant. The following model was used;  
Yijk = µ + αi + βj+ eijk 
Where;  
Yijk = response variable (milk fatty acid content and group ratios); 
µ = overall mean of the population; 
αi = effect of i
th
 genotype (i = Friesian, Jersey and Friesian × Jersey cows); 
βj = effect of J
th
 stage of lactation (j = Early (<100), mid (101-200) and late lactation 
(>300) ;  
eijk  = residual error. 
The Pearson’s product-momentum correlation coefficients (r) of the same software were used 
to describe the strengths of relationships between individual fatty acids and fatty acid ratios. 
Mean separation was conducted using the student T-test. Pasture FA composition variables 
were analysed using the following model was used;  
Yij = µ + Ti + eij 
Where;  
Yij = response variable (Forage fat acid composition); 
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µ = overall mean of the population; 
Tj = effect of J
th
 stage of lactation (j = Early, mid and late lactation);  
eij = residual error. 
Mean separation was conducted using the student T-test. Simple descriptive statistics were 
used to describe the fatty acid composition of concentrate and silage samples.  
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4.3 Results and discussion 
4.3.1. Fatty acid composition of pasture, silage and concentrate 
Table 4.1 shows the FA profiles of grazed pastures in the three stages of lactation in a 
pasture-based dairy system. Significant differences (P <0.001) were found in various FA in 
different stages of lactation, which coincided with change in climatic seasons. Linoleic (LA), 
α-Linolenic (ALA) and palmitic acids were the predominant fatty acids in pasture accounting 
for 88% of total fatty acids in all sampling times. These results are consistent with those 
found by Meluchova et al. (2008) and Palladino et al. (2010) who found ranges of 75-90% of 
the total fatty acids for linoleic, α-Linolenic and palmitic acids. However, other researchers 
have found contrasting contribution of these major fatty acids in pasture. Sun and Gibbs, 
(2012) found over 90% contribution on samples of rye grass (Lolium perenne cv. Bealey) and 
white clover (Trifolium repens) pastures. Elgersma et al. (2006) attributed high 
concentrations of major fatty acids to different pasture management practices and plant 
species used in different studies.  
 
The pasture total SFA, as well as palmitic acid concentration did not differ during the 
sampling times. This was despite changes in myristic and lauric acid concentrations across 
the different stages of lactation. This revealed the strong presence of palmitic acid in pasture 
across the three stages of lactation. This is in contrast to a study by Khanal et al. (2008) who 
found changes in all SFA. The content of ALA of the pasture did not change across the stages 
of lactation, whilst that of linoleic acid increased in the second stage of lactation (P <0.001) 
but the concentration decreased in the third stage of lactation. Isomers of α-linolenic acid are 
important substrates for vaccenic acid and further desaturation to cis-9, trans-11 CLA in the 
mammary gland, hence the decrease due to substrate substitution.  
70 
 
Table 4.1. Fatty acids profile of pasture, silage and concentrate consumed by cows in the 
three stages of lactation 
FAME % Stage of lactation Silage  Concentrate  
Early Mid  Late    
n 10 9 11 12 14 
Lauric  0.18
b
±0.013 0.23
a
±0.012 0.16
c
±0.012 0.78 0.39 
Caproic  ND ND ND 0.00 0.47 
Tridecoic  1.08
b
±0.055 1.33
a
±0.049 1.00
b
±0.049 0.07 0.00 
Myristic  0.63
ab
±0.018 0.60
b
±0.015 0.66
a
±0.016 0.48 0.21 
Pentadecyclic 0.48
b
±0.034 0.61
a
±0.031 0.46
b
±0.031 0.05 0.00 
Palmitic 17.92±0.141 18.06±0.126 18.26±0.126 15.81 28.56 
Palmitoleic  0.20
b
±0.052 0.29
a
±0.047 0.09
c
±0.047 0.15 0.21 
Margaric  0.16
b
±0.005 0.22
a
±0.005 0.13
c
±0.005 0.17 1.21 
Heptadecanoic  0.21
a
±0.014 0.16
b
±0.013 0.23
a
±0.013 0.00 0.00 
Stearic  1.89
a
±0.046 1.74
b
±0.041 1.90
a
±0.041 2.20 4.21 
Elaidic  ND ND ND 0.02 1.37 
Oleic  2.02
b
±0.048 2.64
a
±0.043 1.75
c
±0.043 28.86 45.92 
Vaccenic  0.64
a
±0.023 0.54
b
±0.021 0.67
a
±0.021 0.75 1.13 
LA 15.15
b
±0.195 16.02
a
±0.174 15.39
b
±0.174 47.53 13.21 
Arachidic  0.52
ab
±0.017 0.55
a
±0.016 0.50
b
±0.016 0.48 0.75 
ALA  55.85±0.397 54.84±0.355 55.16±0.355 2.76 0.68 
CLA  ND ND ND 0.00 0.38 
Eicosadienoic  0.33
b
±0.060 0.19
c
±0.054 0.47
a
±0.054 0.03 0.09 
Behenic  0.87
b
±0.03 0.65
c
±0.032 0.96
a
±0.032 ND ND 
Eicosatrienoic  0.11
ab
±0.008 0.12
a
±0.008 0.10
b
±0.008 ND ND 
Tricosanoic  0.14±0.007 0.15±0.006 0.14±0.006 0.07 0.12 
Docosadienoic  0.89
b
±0.048 0.53
c
±0.043 1.03
a
±0.043 0.04 0.00 
Eicosopentaenoic  0.75±0.027 0.74±0.024 0.78±0.024 0.38 0.24 
SFA 23.85±0.208 24.14±0.186 24.15±0.186 2072 36.42 
MUFA 3.07
b
±0.092 3.42
a
±0.082 2.92
b
±0.082 30.55 48.88 
PUFA 73.08±0.258 72.44±0.230 72.93±0.230 50.32 14.52 
n-6  16.48
b
±0.190 16.85
ba
±0.170 17.00
a
±0.170 45.27 13.90 
n-3 56.60±0.384 55.59±0.343 55.94±0.343 3.49 0.92 
PUFA/MUFA 3.07±0.037 3.00±0.033 3.02±0.033 2.48 0.41 
n-6/n-3 0.29±0.006 0.30±0.005 0.31±0.005 14.90 15.28 
ND = Not detected 
n - number of samples;  
Days in milk (DIM); Early = 28 Mid = 135 and 174; Late = 291 
Least square mean values in the same row with different superscripts differ (P <0.05) 
LA = linoleic acid; ALA = α-linolenic acid; CLA= conjugated linoleic acid; SFA = saturated 
fatty acids; MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acids; PS = 
polyunsaturated fatty acids/saturated fatty acids; n-6/n-3 = omega-6 fatty acids/omega-3 fatty 
acids  
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Variations occurring in FA in different stages of lactation are related to temperature, light 
intensity and growth stage of plant species (Descalzo et al., 2012). Collomb et al, (2006), 
further noted a positive correlation between certain dicotyledonous plant species and 
concentration of certain FA. 
 
4.3.2. Effect of genotype on fatty acid profile of milk 
As expected, genotype had a significant effect on moisture, fat free dry matter and moisture 
content of milk. Friesian cow milk had the least fat yield (3.39 ± 0.084) compared to Jersey 
(6.0 ± 0.080) (P<0.001). Milk of Friesian × Jersey cow had significantly higher fat free dry 
matter than milk of Friesian (6.8 ± 0.16) and Jersey (6.8 ± 0.15) cows. Consequently, 
moisture content tends to be higher in Friesian cow milk (89.8 ± 0.19), followed by Friesian 
× Jersey cow milk and lastly Jersey (87.2 ± 0.19) (P<0.001). This is consistent with previous 
reports which compared Holstein-Friesian and Jersey cows under pasture (Wales et al., 2009; 
Palladino et al., 2010) who found similar results.  
 
The effect of genotype on FA profiles of cow milk has been studied by many authors. 
However, they are a relatively few long term studies on cows based on rye and clover pasture 
and managed as a single herd. As depicted in Table 4.2, is interesting to note that only a few 
FA were affected by genotype. Friesian cows had highest (P<0.001) linoleic acid, PUFA and 
n-3 FA.  Jersey cows had the highest (P<0.001) concentration of mid-chain palmitic and 
palmitoleic acids than Friesian cows. In agreement with Palladino et al. (2010), no breed 
differences were observed in all short chain fatty acids, VA, ALA, CLA, SFA, MUFA and 
oleic acids. Croissant et al. (2007) also found no genotypic differences in short chain fatty 
acids.  
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Table 4.2 Effect of genotype on fatty acid relative to total % fatty acid content in pasture-
based dairy cow milk 
Fatty acid Breed  
 Friesian X Jersey  Friesian  Jersey  
n 54 57 52 
Butyric  1.07
ab
±0.0025 1.11
a
±0.025 1.02
b
±0.024 
Caproic  1.63
ab
±0.031 1.68
a
±0.030 1.56
b
±0.030 
Palmitic  34.74
ab
±0.409 34.17
b
±0.395 35.73
a
±0.389 
Palmitoleic  1.38
b
±0.049 1.28
b
±0.048 1.53
a
±0.047 
LA  1.39
b
±0.045 1.56
a
±0.044 1.33
b
±0.043 
PUFA  2.41
b
±0.069 2.61
a
±0.067 2.27
b
±0.066 
n-6  1.87
b
±0.055 2.05
a
±0.054 1.76
b
±0.053 
n - number of samples;  
Least square mean values in the same row with different superscripts differ (P <0.05) 
LA = linoleic acid; n-6 – omega six fatty acid; PUFA- polyunsaturated fatty acids 
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A high milk fat content in Jersey did not increase the total SFA in milk. This is similar to 
findings of (Maurice-Van Eijndhoven et al., 2011) who did not find differences in SFA 
amongst Dutch Holstein-Friesian and high fat yielding Jersey cows. This is contrary to 
previous literature which indicates that breeds with high fat content will have higher 
undesirable SFA (Samkova et al., 2012). SFA were notably higher (P<0.001) among breeds 
than reported elsewhere even if pasture constituted 90% of diet. It is expected that pasture-
based cows have low concentration of short and medium chain fatty acids especially SFA 
(Skrtic et al., 2008) due to inhibition of the de novo synthesis in the mammary gland (Khanal 
et al., 2008). Croissant et al. (2007) reported lower means for Holstein-Friesian and Jersey 
cows, respectively, whilst Devle et al. (2012) found low concentrations in cattle. Many 
authors have noted a reduction in milk short and medium chain fatty acids with an increased 
fresh pasture supply in the diet (Ward et al., 2003; Bargo et al., 2006). However, in support 
of the current study Lock and Garnsworthy (2003), speculated the presence of other factors in 
fresh pasture or changed metabolism which alter fatty acid synthetase activity leading to 
increased short chain fatty acids. Milk with high SFA may be of an advantage in maintaining 
flavour and shelf life of milk products through less oxidation (Kay et al., 2005; Couvreur et 
al., 2006), but has a positive relationship with coronary heart diseases (O’Donnell-Megaro et 
al., 2011). It is important to find alternatives through feeding to reduce total SFA 
concentration in milk.  
 
Health related ratios such as CLA/ vaccenic acid, n-6/n-3 FA and PUFA/SFA did not differ 
among genotypes (P<0.001). Friesian cows had highest linoleic acid and PUFA than Jersey 
and Friesian × Jersey cows but such variations did not alter the PUFA/SFA and n-6/n-3 ratio 
amongst different genotypes. It is important to have a low n-6/n-3 FA ratio in milk to reduce 
negative prothrombotic effects caused by increased n-6 linoleic acid concentration. 
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Atherogenecity and ∆9 desaturase indices were not affected by genotypic differences and 
were higher as previously reported by Samkova et al. (2012) despite stability of CLA and its 
precursor vaccenic acid. Garnsworthy et al. (2006) noted that breed had less influence on FA 
profile for large groups of cows in long term studies unless the genetic diversity between 
genotypes is of the greatest magnitude. Many authors agree that breed contributed less than 
1% of the variation in milk fatty acids and plays a lesser role in improving the overall 
functional fatty acid profile of milk (Roca Fernandez and Gonzalez Rodriguez, 2012). Most 
of the variation in milk FA could however, be due to different gene expression for activity of 
inhibitory ∆9 desaturase enzyme on many mammary gland pathways as intra-breed 
differences were observed among animals grazing the same pasture (Boland et al., 2001).  
 
4.3.3. Effect of stage of lactation on fatty acid profile of milk 
The variation in fatty acids according to stage of lactation is generally considered to be low. 
Table 4.3 shows trends in overall composition of milk in different stages of lactation. Overall 
change in milk composition concurs with literature. Milk fat content was significantly highest 
in early lactation than mid and late lactation. There was no statistical difference between mid 
and late lactation in fat content as observed by Crarinx et al. (2008). However, an inverse 
relationship existed between fat free dry matter and moisture content of milk as lactation 
progressed. It is expected that solids such as minerals tend to increase with progressing 
lactation.  
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Table 4.3. Effect of stage of lactation on (mean ± standard error) milk composition of 
pasture-based dairy cows 
Item %  Stage of lactation  
 Early  Mid Late 
n 53 92 47 
DIM 28 135 291 
Moisture  88.9
a 
± 0.20 88.4
b 
± 0.15 87.9
c 
± 0.21 
Fat content  4.5 ± 0.09 4.7 ± 0.07 4.7±0.09 
Fat free dry matter  6.6
b 
± 0.17 6.9
b 
± 0.13 7.5
a
±0.18 
n - number of samples; DIM – days in milk 
Least square mean values in the same row with different superscripts differ (P<0.05) 
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Stage of lactation significantly affected the FA profile of cow milk. Individual, groups and 
ratios of fatty acids varied in different stages of lactation as shown in Tables 4.4 and 4.5. 
Palmitic, myristic acid and total SFA concentration significantly decreased in mid-lactation 
then rose in late lactation. Similarly, Mapekula et al, (2011) observed higher concentrations 
of SFA in early stage of lactation as compared to mid and late lactation This is contrary to 
most literature; short-medium chain fatty acids are expected to be at their lowest during the 
early stage of lactation increasing with progressing lactation (Samkova et al., 2012). Kay et 
al. (2005) observed an increase in de novo (C4:0 to C14:1) and some of C16:0-C16:1 fatty 
acids while proportions of preformed fatty acids ≥C17:00 decreased. Milk with high SFA 
may improve the keeping quality and extend shelf life but may cause cardiovascular diseases.  
 
 
Variations in SFA from literature exist due to several factors including day of sampling on 
each stage of lactation, energy balance leading to altered or incomplete bio-hydrogenation in 
most cows (Stoop et al., 2009). During early lactation, lactating cows experience negative 
energy balance due to inadequacy of feed to meet requirements for maintenance and 
production leading to use of adipose tissue reserves in milk fat synthesis. In this regard, de 
novo synthesis is limited leading to production of less short and medium chain fatty acids but 
more long chain fatty acids (Onetti and Grummer, 2004). Negative correlations were 
observed between SFA and all other long chain FA in milk. This concurs with a lot of 
literature and is due to different metabolic origins of these different fatty acids (De La Fuente 
et al., 2009). 
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Table 4.4. Effect of stage of lactation on fatty acid relative to total % fatty acid content in 
pasture-based dairy cow milk 
Fatty acid Stage of lactation Significance 
 Early  Mid  Late   
n 58 92 52  
Butyric  1.03
b 
± 0.026 1.13
a 
± 0.028 1.04
b 
± 0.028 ** 
Caproic  1.64 ± 0.032 1.64 ± 0.024 1.59 ± 0.034 NS 
Caprylic  1.50
a 
± 0.032 1.38
b 
± 0.024 1.28
c 
± 0.034 *** 
Capric  4.84
a 
± 0.112 4.20
b 
± 0.085 4.03
b 
± 0.119 *** 
Lauric  6.05
b 
± 0.168 5.53
c
 ± 0.127 7.73
a 
± 0.178 *** 
Tridecoic  0.09
a
 ± 0.008 0.05
b
 ± 0.006 0.01
c 
± 0.009 *** 
Myristic  16.30
a
 ± 0.183 15.09
b
 ± 0.139 16.68
a 
± 0.194 *** 
Myristoleic  0.97
b
 ± 0.046 0.96
b
 ± 0.035 1.56
a 
± 0.049 *** 
Pentadecylic  1.45
a
 ± 0.038 1.21
b
 ± 0.029 1.15
b 
± 0.040 *** 
Palmitic  35.16
a
 ± 0.419 33.68
b 
± 0.318 35.81
a 
± 0.445 ** 
Palmitoleic  1.17
c
 ± 0.051 1.37
b 
± 0.039 1.65
a 
± 0.054 *** 
Margaric  0.48
a
 ± 0.012 0.48
a 
± 0.009 0.31
b 
± 0.012 *** 
Heptadecenoic  0.01
c 
± 0.010 0.08
b 
± 0.010 0.19
a 
± 0.013 *** 
Steric acid  9.85
b
 ± 0.257 11.10
a 
± 0.195 8.81
c 
± 0.273 *** 
Elaidic  0.20
b
 ± 0.008 0.22
a 
± 0.006 0.20
b 
± 0.009 *** 
Oleic  15.43
b
 ± 0.439 18.61
a 
± 0.333 15.90
b 
± 0.466 *** 
Vaccenic  0.55
b
 ± 0.017 0.60
a 
± 0.013 0.48
c 
± 0.018 *** 
LA  1.88
a
 ± 0.046 1.51
b 
± 0.035 0.90
c 
± 0.049 *** 
Arachidic  0.09
a
 ± 0.004 0.09
a 
± 0.003 0.05
b 
± 0.004 *** 
ALA  0.74
a
 ± 0.019 0.57
b 
± 0.014 0.30
c 
± 0.020 *** 
CLA 0.52
a 
± 0.021 0.47
b 
± 0.016 0.33
c 
± 0.022 *** 
Arachidonic  0.05
a 
± 0.004 0.03
b 
± 0.003 0.02
c 
± 0.003 *** 
 n - number of samples;  
Days in milk (DIM); Early = 28 Mid = 135 and 174; Late = 291 
Least square mean values in the same row with different superscripts differ (NS – not 
significant; ** - P <0.01; ***- P <0.001) 
LA = linoleic acid; ALA = α-linolenic acid; CLA= conjugated linoleic acid 
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Table 4.5. Effect of stage of lactation on (mean ± standard error) of selected classes of FA, 
ratios and indices relative to total % fatty acid content in pasture-based dairy cow milk 
FAME Stage of lactation Significance  
 Early Mid   Late   
n 58 92 52  
SFA 78.48
a
±0.489 75.58
b
±0.370 78.50
a
±0.518 *** 
MUFA 18.33
c
±0.464 21.85
a
±0.351 19.98
b
±0.492 *** 
PUFA 3.19
a
±0.071 2.57
b
±0.054 1.52
c
±0.076 *** 
n-6 2.45
a
±0.057 2.01
b
±0.043 1.22
c
±0.060 *** 
n-3 0.74
a
±0.019 0.57
b
±0.014 0.30
c
±0.020 *** 
Ratio     
PS 0.04
a
±0.001 0.03
b
±0.001 0.02
c
±0.001 *** 
n-6/n-3 3.35
c
±0.011 3.67
b
±0.087 4.27
a
±0.122 *** 
Atherogenicity index (AI) 4.94
b
±0.043 4.08
c
±0.028 5.13
a
±0.031 ** 
Desaturase activity     
Desaturase index 0.06
b
±0.050 0.06
b
±0.050 0.09
a
±0.050 *** 
Palmitoleic/ palmitic  0.03
c
±0.001 0.04
b
±0.001 0.05
a
±0.001 *** 
Oleic/ stearic acid 1.57
b
±0.060 1.68
b
±0.050 1.80
a
±0.051 *** 
CLA/vaccenic  0.95
a
±0.028 0.78
b
±0.021 0.69
c
±0.021 *** 
n-number of samples;  
Early = <100days Mid = 101-200 days; Late = >201 
FAME – fatty acid methyl ester; n- sample number; 
Least square mean values in the same row with different superscripts differ (NS – not 
significant;* - P <0.05 ** - P <0.01; ***- P <0.001) 
SFA = saturated fatty acids; PUFA = polyunsaturated fatty acids; PS = polyunsaturated fatty 
acids/saturated fatty acids; n-6/n-3 = omega-6 fatty acids/omega-3 fatty acids 
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Milk LA, ALA, and CLA decreased gradually as lactation progressed (P<0.001). At the same 
time pasture LA was highest (P<0.001) in mid lactation than in early and late lactation, whilst 
ALA did not change throughout. Therefore, no relationship was observed between pasture 
concentration of ALA and LA with milk concentration of LA and ALA. This concurs with 
literature, with many authors (Palladino et al., 2010; Kay et al., 2005) attributing the decrease 
of preformed FA to reduced adipose tissue mobilisation. This occurs as a result of improved 
energy supply in cows which lifts the inhibition on de novo FA synthesis in cow as lactation 
progresses (Kay et al., 2005). Consequently, short- and mid-chain FA increase in milk. 
However, an increase in LA and a reduced ALA concentration in milk do not reflect well on 
health and may expose humans to coronary heart diseases through the increase in bioactive 
omega-6:omega-3 ratio (Williams, 2000).  
 
Milk vaccenic acid increased in the mid lactation stage but decreased significantly in the late 
lactation. The increase in vaccenic acid in mid-lactation did not increase the CLA content in 
mid-lactation as expected. In this current study a strong correlation (r = 0.45) (P < 0.001) 
was observed between vaccenic acid and CLA (Table 4.5). The relationship was lower than 
observed by Palladino et al. (2010) and Kay et al. (2005). Such an interaction was not 
consistent with an increase in ∆9 desaturase activity especially in late lactation. Kay et al. 
(2005) hypothesised that increase in the desaturase activity consequently led to increase in 
milk CLA content. However, there was a gradual decrease in the CLA/ vaccenic acid ratio 
leading to reduction in CLA concentrations. These results cannot be fully explained but may 
be attributed to test day individual animal rumen microbial interactions (De La Fuenteet al., 
2009) and inhibition of desaturase enzyme by linoleic acid supplied in abundance in pasture 
which coincided with spring and summer seasons (Tsiplakou and Zervas, 2008).  
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Table 4.6. Correlations between selected individual fatty acids, fatty acid classes and ratios in 
milk of pasture-based dairy cows 
 LA ALA CLA SFA PUFA PS n-6/n-3 
Vaccenic  0.56*** 0.37*** 0.45*** -0.63*** 0.56*** 0.61*** 0.09NS 
LA   0.88*** 0.46*** -0.25** 0.97*** 0.91*** -0.23** 
ALA   0.44*** -0.13NS 0.92*** 0.85*** -0.60*** 
CLA    -0.47*** 0.62*** 0.65*** 0.08NS 
SFA     -0.29*** -0.44*** -0.18* 
PUFA      0.94*** -0.29*** 
PS       -0.25** 
NS – not significant; ** - P <0.01; ***- P <0.001 
LA = linoleic acid; ALA = α-linolenic acid; CLA= conjugated linoleic acid; SFA = saturated 
fatty acids; PUFA = polyunsaturated fatty acids; PS = polyunsaturated fatty acids/saturated 
fatty acids; n-6/n-3 = omega-6 fatty acids/omega-3 fatty acids 
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Significant correlations were observed between CLA and vaccenic acid, LA and ALA which 
many authors attributed to precursor-product relationship for endogenous fatty acid synthesis. 
 
Milk with higher AI and n-6/n-3 is considered harmful to health (Tsiplakou and Zervas, 
2008). In the current study higher AI index and n-6/n-3 ratio were observed in late lactation. 
There is an advantage of promoting milk in the early stages of lactation due to improved 
anticarcinogenic effects it poses to human consumer (Devle et al., 2012).    
 
 
4.4. Conclusions 
This study showed that the stage of lactation had a significant effect on fatty acid profile of 
milk from cows grazing pasture. Saturated fatty acids were only lower in mid lactation while 
unsaturated FA were lower in late lactation, leading to a high AI index and n-6/n-3 ratio in 
late lactation. In addition, all measures of desaturase activity were significantly highest in late 
lactation. Variations due to breed and feed changes were observed in short to medium chain 
FA and LA. Friesian cows produced the milk with the highest LA and PUFA at the expense 
of ALA. It is imperative to maintain pasture at good vegetative state as any deviation in such 
substrates will reduce overall CLA content in cow milk. 
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Chapter 5: General Discussion, Conclusion and Recommendations 
5.1. General Discussion 
The objective of the current study was to determine the effect of stage of lactation on milk 
yield, SCC, mineral and fatty acid profiles of Jersey, Friesian and Jersey × Friesian cows. 
Relationship between minerals and fatty acids in pasture and minerals and fatty acids in milk 
were also investigated. Effects of stage of lactation on pasture and milk minerals and their 
relationship with somatic cells were investigated in Chapter 3. In Chapter4, the effects of 
stage of lactation on milk fatty acids were investigated. 
 
Changes in milk yield results in changes in milk mineral composition as reflected in strong 
positive and negative correlations. This is mainly due to the “dilution effect” caused by 
increased moisture content. Changes in pasture minerals and milk SCC did not influence the 
mineral composition of milk. Genotypic differences could help in promoting milk high in 
essential minerals needed for certain physiological conditions (Boland et al., 2001). The 
effect of stage of lactation could also be related to milk yield resulting in concentrated milk 
with progressing lactation (van Hulzen et al., 2009). 
 
Genotypic differences in milk fatty acids could be explained by the varying SOD activity in 
the mammary gland. However, many authors attribute genotypic differences in milk to 
individual animal differences which changes with changes in diet.  Variations in fatty acid 
composition are as a result of shifts in metaboilic pathways occurring in the animal. In early 
lactation cows usually experience negative energy balance leading to production of long 
chain fatty acids. However, improvement in energy supply leads to formation of short to 
medium chain fatty acids in milk.  
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5.2. Conclusions 
The study demonstrated that stages of lactation have significant effect on milk minerals and 
highest concentrations of most minerals occurred in late lactation. The current study did not 
reveal a strong influence of SCC on milk minerals. However, milk yield had negative 
relationships with most milk minerals. Breed and stage of lactation had an effect on fat 
composition of milk. Stage of lactation influenced concentration of most fatty acids, fatty 
acid groups and health related indices of milk. A higher AI in late lactation could reduce the 
risks associated with cardiovascular diseases. Friesian cow milk could contribute more to 
health of human consumers because of high levels of n-3 FA. 
 
5.3. Recommendations 
For a more health promoting mineral and fatty acid profile in milk, it is important and 
imperative to maintain pasture at good vegetative state as any poor pastures will exert a strain 
on high producing exotic breeds. Good pastures will then promote anticarcinogenic 
derivatives such as CLA in bovine milk. 
 
However, further research is needed in the following areas; 
1. Genetic manipulation of the SOD activity and related enzymes function in individual 
and groups of animals to fully understand.  
2. Investigation of correlations between pasture minerals and fatty acids and milk fatty 
acid and mineral profiles. 
3. Determination of daily or hourly rumen fatty acid changes in relation to feed 
substrates. 
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